Serial No. 09/5'; 7 
Docket No. 219242013300 



(19) 



Europatsches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(43) Date of publication: 

28.11.2001 Bulletin 2001/48 

(21) Application number: 01304296.5 

(22) Date of filing: 15.05.2001 



(n) EP 1 158 517 A2 

EUROPEAN PATENT APPLICATION 

(51) mtci 7: G1 1 B 20/1 2, G 1 1 B 5/008 



(84) Designated Contracting States: 


(72) Inventor: Satiba, George A. 


AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


Northboro, Massachusetts 01532 (US) 


MCNLPTSETR 




Designated Extension States: 


(74) Representative: Charig, Raymond Julian et al 


AL LT LV MK RO SI 


Eric Potter Clarkson, 




Park View House, 


(30) Priority: 24.05.2000 US 577637 


58 The Ropewalk 




Nottingham NG1 5DD (GB) 


(71) Applicant: QUANTUM CORPORATION 




Milpitas, CA 95035 (US) 





(54) Data storage devices for large size data structures 



(57) A data storage device and a data storage meth- 
od are disclosed which are suitable for storing large size 
data structures, such as multi-megabyte data files, at 



proximate locations on a data storage medium. The file 
space on the data storage medium is arranged in the 
form of logical cylinders containing logical rings, wherein 
each data file is stored in a separate logical ring. 



04 
< 

CO 

in 



FIG. 2 




LU 



^SOOCID:<£P 1158517A2 l.> 



Printed by Jouvc, 75001 PARIS (FR) 



1 



EP 1 158 517 A2 



2 



Description 

Cross -Reference to Related Applications 

[0001] This application claims the benefit of the U.S. 
Provisional Application No. 60/135,646 having a filing 
date of May 24. 1999. 

Field of the Invention 

[0002] The systems and methods described herein 
relate to data storage devices, and more particularly, to 
data storage devices suitable for storing large size data 
structures, such as multi-megabyte data files. 

Background ol the Invention 

[0003] Today, we are experiencing an exponential 
growth in the amount of data being stored in a digital 
format. In part, this exponential growth can be attributed 
to the proliferation of the Internet, which has made the 
duplication and distribution of large data files remarka- 
bly easy. For example, the Internet has become a com- 
mon medium for distributing multimedia data files, such 
as movie trailers. These multimedia data files are targe 
data structures, typically on the scale of 1 to 10 mega- 
bytes. Although conventional data storage mecha- 
nisms, such as hard disk drives and linear tape storage 
systems, can be employed for storing such large data 
files, neither of these existing technologies is particular- 
ly well suited for this application. 
[0004] For example, hard disk drive systems are well 
suited for storing small data files that need to be rapidly 
accessed. However, hard disk systems become less ef- 
ficient as file size increases. Specifically, as the size of 
the data file increases, a problem known as fragmenta- 
tion arises. Fragmentation occurs because hard disk 
systems break data files into smaller subsections, typi- 
cally 51 2. bytes each, and store the subsections where 
space is available on the disk. Initially, the subsections 
are often stored closely together on the disk surface, 
and this allows the read/write head of the drive to quickly 
access the different subsections and retrieve the entire 
file from the disk. However, over time, as the file is read 
off the disk, edited and rewritten to the disk, the subsec- 
tions become scattered over the surface of the disk. This 
effect is known as fragmentation. Over time it is quite 
common that the individual sub-sections of a large data 
file become dispersed widely across the surface of the 
disk. This wide separation of sub-sections increases the 
time it takes to assemble a data file as the read/write 
head must move across large sections of the disk, mul- 
tiple times, to be able to access each sub-section of the 
file being accessed. Accordingly, for large data files 
stored on a hard drive, data fragmentation can cause 
the file access time to increase substantially, such as 
from milliseconds to seconds. 

[0005] Similarly, tape data storage systems lack an 



architecture that is well adapted for retrieving files from 
large size data structures. In particular, linear tape stor- 
age systems write data onto a storage tape in a long 
continuous stream, creating a long track that may ex- 

5 tend lengthwise across the entire tape and may be com- 
posed of multiple data files. This track continues for file 
after file, with each new file being appended to the ex- 
isting track. Thus, each new file begins where the last 
file ended, and the track is continually extended. Re- 

10 trieval of data from such linearly recorded tapes may 
take minutes to fractions of an hour. 
[0006] In another type of conventional tape storage 
system, data can be stored in a "serpentine" fashion as 
device blocks in a pattern that bi-directionally traverses 

'5 the tape's length along different parallel tape tracks. Us- 
ing the "serpentine" data storage pattern, the data can 
be congregated on all tracks as close to the beginning 
of the tape as possible. Another system "partitions" the 
tape by pre-formatling a magnetic tape medium into 

20 evenly spaced multi-track segments. Larger-sized par- 
titions for longer files can be formed by joining adjacent 
segments. The partitions may be automatically padded 
with a selected number of empty segments to allow for 
file expansion, for example, after editing. 

25 [0007] Although these architectures are well suited for 
quickly storing large files, they are not well suited for 
allowing these files to be accessed, edited and rewritten 
to the tape. Specifically, if a file is accessed and edited, 
its length will change and it may no longer fit in its prior 

30 space between the files that previously bounded it. Thus 
the system can only append files to the track, causing 
new files to be written to new locations on the tape each 
time a file is saved. This of course can quickly use up 
storage space, particularly if large files are being edited. 

35 [0008] Moreover, file access time for a tape system is 
typically measured in seconds or minutes as the linear 
tape storage system must roll through large lengths of 
tape before being positioned at the location of a partic- 
ular file. Accordingly, tape backup systems, although ex- 

40 cedent for long term storage of large data files, are poor- 
ly suited for providing convenient read/write access of 
data. 

[0009] Thus, there is a need in the art for a data stor- 
age system that is suitable for providing reliable read/ 
^5 write access to large size data structures, and to provide 
such access within a reasonable time. 

Summary of the Invention 

50 [0010] The systems and methods described herein 
provide data storage devices and techniques for storing 
large size data structures. To this end, the systems of 
the invention include data storage devices that store da- 
ta files as logical cylinders that can be written to and 

55 read from a recording media. Each data file is stored on 
the recording media as a track of continuous data. The 
recording media can be subdivided into a plurality of 
separate track locations, each of which can be em- 
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ployed for storing a single data file. As will be described 
herein, the systems of the invention can access each 
logical track independently, thus allowing each stored 
file to be altered independently, without requiring other 
files stored on the media to be reorganized or rear- 5 
ranged. Moreover, since the file structure is provided as 
a continuous track of data, the file structure is always 
intact, and data fragmentation is avoided. Furthermore, 
as the continuous track of data is located within a com- 
paratively small length of tape, file access for a large 10 
file, such as a file of one to ten megabytes, has a com- 
petitive access time as minimal seek time is required. 
[0011] According to one aspect of the invention, a 
method is provided for configuring a tape storage medi- 
um for recording a data file having a finite size, wherein '5 
the method includes defining a logical cylinder on the 
storage medium, the cylinder comprising at least one 
storage ring, and recording on one of the at least one 
storage rings the data file. A length of the logical cylinder 
is dynamically allocated based on the size of the data 20 
file. 

[0012] According to another aspect of the invention, 
a method is disclosed for storing on a storage medium 
a data file of finite size, which includes determining the 
size of the data file, determining from the size of the data 25 
file a length of a storage ring on the storage medium for 
recording the file on the storage ring, and defining on 
the storage medium a logical cylinder to accommodate 
the storage ring on the logical cylinder. 
[0013] According to yet another aspect of the inven- 30 
tion, a magnetic tape data storage system for storing a 
data file is disclosed which includes a magnetic tape 
having a longitudinal recording direction and a plurality 
of transversely spaced logical tracks, at least one logical 
cylinder extending along the longitudinal recording di- 35 
rection, and at least one data storage ring located en- 
tirely within a respective logical cylinder. The data file is 
recorded in its entirety on a single data storage ring. 
[0014] According to still another aspect of the inven- 
tion, a data storage device includes a recording head 40 
assembly having a recording head and a servo head op- 
eratively connected to the recording head. The data 
storage device further includes a recording media capa- 
ble of being positioned relative to the recording head 
assembly for recording data in a longitudinal recording 
direction, and a control interface receiving data of a file 
to be recorded on the recording media and positioning 
information for positioning the recording media relative 
to the recording head assembly. The file data are record- 
ed on said recording media in the form of a logical ring so 
located within a logical cylinder spanning a finite length 
on the recording media, with the data of the entire file 
stored in a single ring. 



Brief Description of the Figures 
[0015] 

Figures 1A through 1C depict three prior art sys- 
tems for storing data on media; 

Figure 2 depicts pictorially a method of logical cy- 
lindrical recording that stores data files as logical 
cylinders comprising multiple data tracks stored on 
a recording media: 

Figure 3 depicts one embodiment.of a logical cylin- 
drical recording system wherein multiple data files 
are stored as logical rings on a magnetic tape; 

Figure 4 depicts a further embodiment wherein data 
files are stored as logical rings on a disk recording 
medium; and 

Figure 5 depicts one system for reading and writing 
data to a magnetic tape having data stored thereon 
as logical cylinders. 

Description of the Illustrated Embodiments 

[0016] Figures 1A - 1C depict three exemplary prior 
art techniques for storing data on to a recording medium. 
Figure 1A depicts a traditional disk storage system 10 
wherein a data file is subdivided into a plurality of frag- 
ments 12a, 12b, 12n, 14, each of which is typically 
512 bytes in size. Initially, the disk system may select 
locations 12a, 12b,..., 12n for the different data frag- 
ments that are close together, typically trying to store 
the data in a continuous block of locations. However, as 
files are accessed, edited, and rewritten to the disk, the 
disk system may not be able to store each of these data 
fragments as a contiguous record because subsequent 
locations on the track are already occupied. The data 
fragments may then be stored at separate locations 14 
on the disk until the entire file is stored. The distance 
between data fragments can increase with the number 
of times the data are rewritten to the disk, thereby also 
increasing the file access time which is the time it takes 
for the disk system to seek and locate all the necessary 
data fragments. This becomes particularly problematic 
with large files. 

[0017] Figures 1B and 1C depict exemplary prior art 
techniques of storing data files on a magnetic tape 20. 
The data can be stored in a continuous linear logical 
track 212, 214 or as a serpentine track with serpentine 
segments 222, 223, 232, 233,..., 235. Each track is un- 
derstood to represent a logical track which may include 
a plurality of physical tracks, such as 8-16 physical 
tracks. Each file is contiguous with the surrounding files, 
and may include "padding.J* However, if a file is read 
from the tape and edited, it may not be possible to write 
the edited file to its previous location on the tape if the 
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length of the file has increased after editing, as this may 
cause the rewritten file to overwrite a portion of the next 
file in the track. Accordingly, although the tape system 
is well suited for providing long term storage of large 
data files, particularly as it avoids data fragmentation, 
the tape system is poorly suited as a memory device for 
storing files that are to be accessed and edited from time 
to time. 

[001 8] Figure 2 depicts one exemplary practice using 
logical cylindrical recording (LCR) for storing data files 
on a magnetic tape 20. As can be seen from a review 
of this figure, an LCR system can record a data file on 
the recording tape 20 as a closed logical track formed 
of two track segments. For example, the two track seg- 
ments 32, 34 form a ring 35. The recording direction is 
indicated by arrows 52, 54. For the depicted practice, it 
can be seen that the track segments 32, 34 are recorded 
in opposite directions. However, in another practice (not 
shown), the track segments may also be recorded in the 
same direction. Each ring 35, 37, 45, 47 is associated 
with a respective cylinder 30, 40 of the tape. Each data 
file can be recorded on the tape 20 as a continuous 
stream of data and stored in a separate ring, i.e., at a 
separate location on the media and independent of oth- 
er data files. The length of a cylinder 30, 40 on the tape 
20 can be dynamically allocated as determined by the 
length of the file to be stored, in the respective cylinder 
in a contiguous manner. For storing files having sub- 
stantially the same length, such as medical image files 
or streamed audio and video data having a predeter- 
mined time duration, the length of the cylinders 30, 40 
may be identical over the length of the tape. If the files 
vary in size, such as from 255 KBytes to more than 10 
MBytes, then the length of the cylinder for shorter files 
may be selected to be tess than that for longer files. Zero 
padding, or any other suiatble technique, can be em- 
ployed for filling out extra space left in a track and not 
used for storing file data. It is a realization of the inven- 
tion that the separation of each file from the other files 
on the recording media allows each file to be accessed, 
edited and rewritten into its prior location, without having 
to reorganize or rearrange the other files on the system. 
[0019] The logical beginning of each cylinder LBOT 
may be indicated on the tape by a servo field 31 which 
may include file information and other information relat- 
ing to the organization of the data. The logical end of 
each cylinder LEOT may be indicated in a similar man- 
ner. Depending on the width of the tape, a cylinder may 
contain between 100 and 500 rings, and each ring may 
store from 256 KBytes to mo re than 1 0 MBytes, depend- 
ing on the size of a cylinder. The tape may have a width 
of between one and eight inches, and preferably, be- 
tween one and five inches. A wide tape storing hundreds 
of data rings for each cylinder can be provided in rela- 
tively short lengths, such as between one hundred and 
five hundred feet. Alternatively, longer tapes having a 
width between one quarter inch and one inch may be 
employed. 



[0020] The lower portion of Figure 2 provides a visual 
representation of the term "logical cylindrical recording" 
(LCR). As seen from Figure 2. each tape cylinder 30 ; 40 
can be mapped on a respective physical cylinder 30', 

5 40'. Each ring 35, 37, ... located in a tape cylinder 30 
can then also be mapped on a corresponding continu- 
ous tracks 35', 37' located on the outside surface of the 
respective cylinder 30'. The vertical line 58' indicated on 
the outer surface of cylinder 40* corresponds to the bi- 

io secting axis 58 of tape cylinder 40 depicted-in Figure 3. 
[0021] As can be seen from Figure 2, the recording 
media 20 can store a plurality of rings 35,37,45,47 or- 
ganized transversely to the transport direction of the 
tape. Each ring can be associated with a file. The plu- 

'5 rality of rings make up a data cylinder that can contain 
a plurality of different data files. A file allocation table, 
such as a table of inodes, or a set of segment headers 
31, 41 , or any other suitable mechanism, can be em- 
ployed to provide a directory service that allows a user, 

20 such as a person or a computer process, to identify the 
data ring associated with a particular file. The file allo- 
cation table may include for each ring a directory entry 
"ring available", "ring used" or "ring retired (defective)". 
[0022] Referring now to Figure 3, in another embodi- 
es ment of the invention, data files can be recorded on a 
flat recording media, such as a magnetic tape, on a log- 
ical cylinder 30, 40 in the form of closed rings. In the 
depicted example, however, the rings 35, 37 of cylinder 
30 discussed above with reference to Figure 2 are fur- 

30 ther subdivided into respective rings 35A, 35B, 37A and 
37B ; wherein each of the rings 35A, 35B, 37A and 37B 
may be treated by the system as a separate ring within 
the respective cylinder 30. The first pair of rings 35A in- 
cludes a pair of linear data tracks including an upper 

35 data track 32A and a lower data track 34A. The upper 
data track is recorded parallel to and in the opposite di- 
rection as the lower data track. An axis 56 is depicted 
as bisecting the rings 35 : 37, thereby subdividing the 
upper and lower data tracks into the pair of data rings, 
ring 35A and ring 35B, both of equal size. Each ring 35A, 
35B takes up half of the upper and half of the lower data 
tracks. In one practice, rings 35A and 35B may be con- 
sidered parts of a single ring 35, with a start and end 
position at the bisecting axis 56. In another practice, ring 

^5 35A may be associated with a first data file and ring 35B 
may be associated with a second data file. In operation, 
the lape 20 can move horizontally and vertically relative 
to a read/write head so that the head can access both 
the upper and the lower data tracks across the entire 

50 width of the tape 20, as will be discussed in more detail 
below. With the beginning and end points of a ring 35, 
37 located near the bisecting axis 56, the read/write 
head moves first from a start position near the axis 56 
along the 32A in a first direction indicated by arrow 52, 

55 then reverses direction at the end of cylinder 30 and 
moves along the lower track portions 34B, 34A in the 
opposite direction indicated by arrow 54, to finally return 
in the first direction along upper track 32A to the start 
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posilion. As discussed above with reference to Figure 
2, this maps a data file onto a cylinder for LCR storage 
of the data file. Acenterline 58' on cylinder 40' mapped 
to centerline 58 of tape cylinder 40 is indicated in Figure 
2. Files which are to be stored on the tape and have 
substantially the same length, can be stored in the same 
cylinder on different data rings. 
[0023] In one practice, LCR may be used to store, for 
example, streamed video and audio files and medical 
and satellite images. The files tend to have a fixed size 
depending on the image resolution and the data com- 
pression employed. In the case of medial data, images 
relating to the same patient or the same practitioner and/ 
or acquired during a predetermined time period, such 
as a week, month or year, may be stored in a single cyl- 
inder for easyaccess. Such files will rarely be edited, so 
that the file size remains largely unchanged, making 
such types of files ideal candidates for LCR data stor- 
age. 

[0024] Refer ring back to Figure 2, it will be understood 
that the recording system of the invention can be imple- 
mented on tape media that has been formed into a cyl- 
inder. The cylinder can be spun to allow a head to read 
or write data to the head. Additionally, it will be under- 
stood that the system can employ moveable heads that 
can move over the surface of a recording media to read 
and write data thereon. Additionally, optical systems can 
be employed for use with optical recording media, 
wherein an optical path is developed and employed that 
allows for simulation of cylindrical data tracks. Such op- 
tical systems can move an optical beam across contin- 
uous portions of the recording media to read or write 
data in long data tracks. 

[0025] Referring to Figure 4, an alternative embodi- 
ment of an LCR system according to the invention has 
as a recording medium a disk 60 that can store data files 
in tracks 62, 64, 66, 68. Each track can be treated by 
the system as a ring of data and the tracks can be con- 
tinuous. The beginning/end of a ring is schematically in- 
dicated by a line 70. Subsets of rings may be combined 
to form a cylinder. The inner tracks 62, 64 may store a 
single data file^whereas the outer tracks 66,, 68, being 
longer than the inner tracks 62, 64, may be able to store 
two or more data files. Accordingly, the outer tracks 66, 
68 may be subdivided along one or more second lines, 
schematically indicated with the reference numeral 72, 
into respective sections 66A, 66B, 68A and 68B, with 
each section representing a ring. The disk can be a 
DVD, CD-ROM, or any other suitable type of memory 
media. 

[0026] Referring to Figure 5, an exemplary system 
1 00 for reading and writing the tape 20 illustrated in Fig- 
ure 3 includes tape reels 150. 154 onto which the tape 
20 is wound, and a capstan 16A controlling the longitu- 
dinal movement of the tape 20. The reels 150, 154 and 
the capstan 1 6A are driven by one or more drive motors 
152, 156, 23 in a manner known in the art. The longitu- 
dinal tape transport is controlled by a motor loop con- 



8 

troller 158 forming a part of a control interface 160. The 
control interface 160 includes a transport control inter- 
face 1 64 which receives external signals 1 62 as well as 
servo signals 165 from a tape servo head 134 and/or 

5 speed information from a capstan motor 23. for exam- 
ple, via an encoder (not shown) for controlling move- 
ment of the head assembly 130 and the tape 20. The 
control interface may also include a data interface 165 
for controlling the R/W data flow to and from the mag- 

10 netic head 1 1 2 via data link 1 66. The R/W data may also 
be transmitted as part of the external signals 162. The 
tape 20 can be moved in either direction at a consider- 
able linear velocity, such as 4-5 m/s. The tape servo 
head 1 34 also provides to the transport control interface 

'5 164 information about the lateral position of the tape in 
order to align a magnetic read/write (R/W) head 1 1 2 with 
the respective tracks 32, 34,..., 46, 48 (Figures 2 and 3) 
recorded on the tape. Specifically, Figure 5 depicts an 
SDLT system that employs optically detectable servo 

20 tracks 106 recorded on one major surface of the tape 
which opposes the magnetic recording surface, to align 
a R/W head with a data track on the tape. The spacing 
between data tracks 32, 34 is typically between 10 and 
20 u,m. With the system of the invention, each track and 

25 cylinder can be accessed quickly and accurately 

[0027] The magnetic recording tape 20 can be a con- 
ventional magnetic tape. The optical servo pattern can 
be applied, for example by printing or embossing, during 
tape manufacturing. Printing may include Inkjet printing, 

30 and embossing may include a mechanical process or 
processing with thermal and/or optical energy, for exam- 
ple provided by a laser. The optical servo pattern can 
be read by various techniques known in the art, wherein 
the servo signal received from the servo head 134 is 

35 processed by the control interface 164 to provide 
closed-loop feedback control for precisely positioning 
the magnetic R/W head 112 relative to each data track 
32,..., 46. 

[0028] In one embodiment, the R/W head 112 can 

40 have a predetermined alignment relative to the servo 
head 134. Coarse alignment between the tape 20 and 
the R/W head 1 1 2 can be provided by a coarse head 
positioner 116 which can be implemented, for example, 
by a lead screw 120 driven by a head positioning motor 

^5 114 which is controlled by a coarse loop controller 1 68 
of the control interface 1 64. Fine positioning is provided 
by, for example, a fine positioner 130 actuated by, for 
example, a voice coil 131 or a piezoelectric element (not 
shown). Head control mechanisms of this type are 

50 known in the art. • 

[0029] Referring also back to Figures 2 and 3, during 
an LCR read and/or write operation, the exemplary cyl- 
inder 30 may be selected for reading data from or writing 
data to the tape 20. If the tape section containing the 

55 cylinder 30 is wound on reel 150, then the tape 20 is 
rapidly advanced to the respective cylinder 30. One of 
two situations may occur: Either cylinder 30 is a new 
cylinder, i.e.. no data have previously been written on 
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the tape corresponding to cylinder 30 and any subse- 
quent cylinders 40, or cylinder 30 has previously be de- 
fined and used, but has rings available. If cylinder 30 is 
a new cylinder, then the length of cylinder 30 is dynam- 
ically allocated depending on the size of the data file to 
be written. The physical length of new section 30 may 
be selected to be somewhat greater than the number of 
bytes in the data file divided by the twice the number of 
bytes that can be stored per unit length of the tape track. 
The exact number of bytes that can be stored per unit 
length will depend on such parameters as the type of 
media and the R/W head characteristics. The data file 
will then be written consecutively on the first ring 35 of 
cylinder 30, with approximately half the file written in a 
first recording direction indicated by arrow 52, and the 
rest of the file written in a second recording direction 
opposite to the first recording direction as indicated by 
arrow 54. If, on the other hand, the cylinder 30 already 
contains rings 35 thai are used, but has more rings avail- 
able, for example ring 37, then a file having substantially 
the same file size as the file of ring 35 may be written to 
the subsequent ring 37, as discussed above. 
[0030] The process of reading a file is carried out in a 
similar fashion. The tape 20 is moved to the selected 
cylinder 30 and the R/W head 112 is positioned relative 
to the desired ring 35 in response to signals received 
from the servo head 134. Starting either proximate to 
the servo field 31 or near the centerline 56, the tape 20 
is first moved to the left (arrow 52) to read the upper 
track 32 and then reversed (arrow 54) to read the lower 
track 34 of ring 35 f or vice versa. With a ring structure 
according to the embodiment illustrated in Figure 3, the 
tape 20 may be advanced to the midpoint 56 between 
rings A and B, and the file may be written to or read from 
tracks 32A, 34A or32B, 34B, respectively, in the manner 
described above. 

[0031 ] Although the above description describes cer- 
tain embodiments of systems that can employ logical 
cylindrical recording of data, it will be apparent to those 
of skill in the art that the described systems can be mod- 
ified and adapted for other applications and for use with 
other recording media, and that these other systems will 
fall within the scope of the invention. 

Claims 

1 . A method of configuring a tape storage medium for 
recording a data file having, a finite size, compris- 
ing: 

defining a logical cylinder on said storage me- 
dium, said cylinder comprising at least one stor- 
age ring, and 

recording on one of the at least one storage 
rings said data file, 

wherein a length of said logical cylinder is dy- 
namically allocated based on the size of the da- 



ta file. 

2. The method of claim 1 . wherein the length of said 
logical cylinder is selected so that substantially one 

5 half of the data selected from the data file is record- 
ed in a first longitudinal direction of movement of 
the tape storage medium with respect to a recording 
head ; and the remaining data are recorded in the 
opposite longitudinal direction of movement of the 

*0 tape storage medium with respect to the recording 
head. 

3. The method of claim 2, wherein said the data re- 
corded in the first longitudinal direction comprises 

'5 data selected from a beginning portion and an end 
portion of the data file. 

4. The method of claim 1 , wherein the logical cylinder 
comprises a plurality of storage rings and wherein 

20 different data files having substantially the same 
size as the size of the data file which determines 
the length of the logical cylinder, are stored in dif- 
ferent storage rings of the same cylinder. 

25 5. The method of claim 1, wherein recording includes 
tracking a servo track disposed on the storage me- 
dium and aligning a recording head with said stor- 
age ring based on said tracking. 

30 6. The method of claim 1 , wherein information about 
the cylinders and the storage rings is recorded on 
the storage medium. - 

7. The method of claim I, wherein each file is associ- 
35 ated with a single ring. 

8. A magnetic tape data storage system for storing a 
data file, comprising: 

40 a magnetic tape having aJongitudinal recording 

direction and a plurality of transversely spaced 
logical tracks, 

at least one logical cylinder extending along the 
longitudinal recording direction, and 
45 at least one data storage ring located entirety 

within a respective logical cylinder said data 
file recorded in its entirety on a single data stor- 
age ring. 

50 9. The magnetic tape data storage system according 
to claim 8, wherein the longitudinal extent of the log- 
ical cylinder is dynamically allocated based on the 
size of the data file. 

55 10. The magnetic tape data storage system according 
to claim 8, wherein the ring comprises at least two 
of the transversely spaced logical tracks and the 
logical tracks of the ring are recorded in opposite 
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recording directions. 

11. The magnetic tape data storage system according 
to claim 8. wherein the data storage cylinder com- 
prises an identification field and a data storage field. 

12. The magnetic tape data storage system according 
to claim 1 1 , wherein the identification field is record- 
ed on the magnetic recording surface. 

13. The magnetic tape data storage system according 
to claim 8, wherein each data storage ring can store 
in excess of 256 KBytes. 

i 

14. The magnetic tape data storage system according 
to claim 8, wherein the magnetic tape that is be- 
tween one and eight inches wide. 

15. The magnetic tape data storage system according 
to claim 8, wherein the magnetic tape also includes 
an optically detectable servo track disposed there- 
on. 

16. A method of storing on a storage medium a data file 
of finite size, comprising: 

determining the size of the data file, 
determining from the size of the data file a 
length of a storage ring on said storage medium 
for recording said file on said storage ring, and 
defining on said storage medium a logical cyl- 
inder to accommodate said.storage ring on said 
logical cylinder. 

17. The method of claim 16, wherein said storage ring 
comprises two substantially parallel logical tracks, 
with the logical tracks recorded in opposite record- 
ing directions. 

18. The method of claim 16, wherein said storage me- 
dium comprises logical tracks arranged in a circular 
pattern and wherein a contiguous portion of said cir- 
cular pattern defines the storage ring. 

19. The method of claim 18, wherein said storage me- 
dium is a magnetic disk. 

20. The method of claim 18, wherein said storage me- 
dium is a cylinder having a magnetic recording sur- 
face. 

21. A data storage device comprising: 

a recording head assembly having a recording 
head and a servo head operatively connected 
to the recording head, 

a recording media capable of being positioned 
relative to the recording head assembly for re- 
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cording data in a longitudinal recording direc- 
tion, and 

a control interface receiving data of a file to be 
recorded on the recording media and position- 

5 ing information for positioning the recording 

media relative to the recording head assembly, 
wherein said file data are recorded on said re- 
cording media in the form of a logical ring locat- 
ed within a logical cylinder spanning a finite 

10 . length on the recording media, with the data of 

the entire file stored in a single ring. 

22. The data storage device of claim 21, wherein the 
recording media is a magnetic tape. 

15 

23. The data storage device of claim 22, wherein the 
logical ring is defined by at least two logical tracks 
disposed within the logical cylinder. 

20 24. The data storage device of claim 23, wherein the 
logical tracks are recorded in opposite longitudinal 
recording directions. 

25. The data storage device of claim 21 , wherein the 
25 recording head is positioned in response to position 

information transmitted by the servo head to the 
control interface. 

26. A method of recording a data file as a logical ring 
30 on a recording media, comprising: 

determining a file size of the data file, 
determining a ring size of the logical ring based 
on said file size, 
35 defining on said recording media a logical cyl- 

inder to contain said logical ring, and 
recording said data file in its entirety within said 
logical ring. 

to 27. The method of claim 26, wherein an additional data 
file having substantially the same file size as the file 
which defines the logical cylinder is recorded in its 
entirety on an additional logical ring located in the 
same cylinder. 

45 

28. The method of claim 26, wherein the recording me- 
dia is a magnetic tape and recording further com- 
prises: 

so detecting a last one of previously recorded log- 

ical cylinders, 

positioning a head assembly having a record- 
ing head in an area of the magnetic tape past 
an end indicator of said last previously recorded 
55 logical cylinder, and 

moving at least one of the magnetic tape and 
the recording head relative to each other along 
to record the data on at least two parallel logical 
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tracks within the logical cylinder. 

29. The method of claim 28 T wherein the at least two 
parallel logical tracks are recorded in opposite re- 
cording directions. 5 

30. The method of claim 28, wherein the at least two 
. parallel logical tracks are recorded in the same re- 
cording direction. 

10 

31. The method of claim 26, wherein the recording me- 
dia is a magnetic disk and defining a logical cylinder 
includes allocating on the magnetic disk a contigu- 
ous circular recording track capable of recording 
said data file as a contiguous logical track. '5 
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